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During the spring and summer of  19o  7  several hundred  cases of 
acute  anterior  poliomyelitis occurred  in  New York  City and  vicin- 
ity.  Towards  the  end  of  the  summer  and  in  the  early  autumn  a 
study  was  made  at  the  Rockefeller  Institute  of  certain  of  these 
cases.  My part of the study consisted of an effort to find evidence 
of a  micro-parasitic  origin  of the disease by the employment of the 
biological  reaction  of complement deviation  according  to the meth- 
ods  of  Bordet  (I)  and  Wassermann  and  Bruck  (2).  This  reac- 
tion or test has been applied now to the study of a  number of infec- 
tious  diseases,  among  which  are  tuberculosis  (2),  typhoid  (3), 
gonorrhcea  (4),  and  for  the  identification  of  particular  antigens 
and antibodies as  in  syphilis  (5)  and  pertussis  (6),  with  a  certain 
measure  of success.  The  deeper the study is pursued  the  less con- 
vincing  has  it  become that  the  reaction  depends  upon  specific anti- 
bodies in the  real  sense, and  the more probable has  it become from 
the work of Landsteiner,  Miiller and  P6tzl  (7)  and  of Porges and 
Meier  (8)  that the lipoids of the blood and organs  take an essential 
part  in  the  reaction.  Notwithstanding  this,  however,  it  may  still 
display a  high  degree of specificity. 
When  this  study was begun our knowledge  of the  conditions  of 
the  test  was  less  complete than  it  is  at  present.  But  the  methods 
employed are those still  followed, and hence the results of the study 
are in no way affected by the change of view in respect to the man- 
ner  in  which  the  complement  deviation  is  produced.  The  idea 
from which I  proceeded is this :  If the disease is due to an  hitherto 
undiscovered  micro6rganism  which  cannot  be  detected  microscop- 
ically,  it  may  still  be  possible  to  find  evidence  of  its  presence  by 
demonstrating  its specific antigen.  Since the disease is localized in 
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the spinal cord and brain it was considered not improbable that the 
antigen might find its way into the cerebro-spinal fluid.  By select- 
ing  therefore  early  cases  of  the  disease  and  performing  lumbar 
puncture this antigenous fluid could be obtained.  Having assumed 
an  infectious  antigen-producing  origin  of  the  disease,  the  next 
assumption  naturally  was  that  during  recovery antibodies  to  the 
antigen  were  formed  which  were  to  be  discovered  in  the  blood 
serum and possibly in the spinal fluid itself. 
The  hypothetical  basis  for  experimental  work  was  thus  easily 
secured and could readily be subjected to a  test.  For this purpose 
a  number of  cases  of  acute  anterior  poliomyelitis  were available. 
They were obtained from the Babies' Hospital, the Foundling Hos- 
pital,  the  Hospital  for  the  Ruptured  and  Crippled,  and  from  the 
private practice of Dr.  L.  Emmett Holt.  To Dr.  Holt and to  the 
house-staff of the hospitals I  am greatly indebted for this material. 
Towards  the close  of  the  epidemic an  autopsy  was  secured  on  a 
child of two and a  half years of age, who had eight weeks previ- 
ously been admitted to the Babies'  Hospital  for anterior poliomye- 
litis and seven weeks later developed symptoms of tuberculous men- 
ingitis,  to  which  he  succumbed.  The  microscopic  examination 
showed  a  localized,  characteristic  and  nearly-healed  poliomyelitic 
lesion  in  the  lumbar  part  of  the  cord.  Several  different  tissues 
from this ease were employed in carrying out the tests.  The case 
was  not an ideal one for the purpose because of the association of 
tuberculosis with the other condition, and had the results been posi- 
tive,  they could not have been accepted without confirmation with 
tissues  from  pure  cases  of  the  disease.  In  spite  of  the  general 
negative  character of the  experiments performed, it  is  considered 
desirable to record them on account of their bearing on the etiology 
of this mysterious disease. 
Cerebro-spinal fluid was obtained by lumbar puncture from cases 
in the second day to the eighth week of anterior poliomyelitis,  as 
follows : 
~d  day ...............  I  case 
4th  day  ...............  2  cases 
5th  day ...............  I  case 
6th  day ...............  I  case 
7th  day ...............  2  cases 
Ioth  day ...............  2  cases 
iith  day  ......................  i  case 
i2th  day  ......................  x  case 
3d  week  ....................  6  cases 
'  4thweek  ....................  I  case 
5thweek  ....................  I  case 
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The patients  ranged  from five months to eight years in age, nine 
being over two years and  four under  one  year old. 
In  every instance  the  fluid was  clear  and  colorless,  unless  mixed 
with  blood.  In  about  half  the  cases  a  small,  conical  coagulum 
appeared at the top of the fluid after twenty-four hours'  incubation. 
This  did  not,  in  a  single  specimen,  extend  throughout  the  entire 
length  of  the  liquid.  Smears  were prepared  at  once,  after  centri- 
fugalizing five to thirty minutes,  and after twenty-four hours'  incu- 
bation  in  the  thermostat.  The  smears  were  stained  with  methy- 
lene blue and by Gram's method, but cellular elements were entirely 
absent  in fourteen  cases.  In  six  cases  one  to.  three  mononuclear 
leucocytes were  found,  but large  numbers  were  never present,  and 
the fluid gave evidence that  it was not of inflammatory  origin. 
Cultures  were  made  on  rabbits'  blood  agar,  human  ascitic  fluid 
agar,  glucose agar,  plain  agar  and  in  bouillon.  Plates  were  incu- 
bated  anaerobically  as  well  as  afirobically.  In  fifteen  cases  the 
fluid  proved  to be  sterile  by both  methods.  In  five  a  growth  oc- 
curred.  One  was  identified  as a  white  staphylococcus.  One  was 
a  short,  Gram  positive  bacillus,  and  three  proved  to  be  a  large, 
Gram  positive  coccus  appearing  in  pairs  and  tetrads  within  large 
groups.  The  organism  grew  abundantly  on  all  ordinary  culture 
media,  and  is  apparently  similar  to  the  coccus  described  by Geirs- 
vold  (9)  as present in twelve of the cases studied  during  the  Nor- 
wegian  epidemic  of  poliomyelitis  during  the  years  19o3-o6  ,  and 
again  in  three  of  the  cases  reported  by  Harbitz  and  Scheel  (IO) 
during the same epidemic.  The fluids in my series which contained 
the diplococci were removed  from  cases on the fifth day,  sixth  day 
and  in the fifth week after the onset.  In  the first two it was pres- 
ent  in  one specimen of  fluid  only,  subsequent punctures  withdraw- 
ing  sterile  fluid.  In  the third  case the coccus was  cultivated  from 
a  second  specimen  obtained  three  days  after  the  first,  or  on  the 
eighth  day  of the disease;  but not  from  two  later  fluids  from  the 
same patient.  It was looked upon  as a  contamination. 
Geirsvold  (9)  is of the opinion that the coccus is practically iden- 
tical with the one described by Jaeger  (I i)  and by Heubner  (I2), 
differing materially  from the meningococcus  of Weichselbaum and 
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from  the  blood  (number  of  times  not  stated)  in  cases  of  acute 
poliomyelitis anterior.  Nevertheless he  takes a  conservative view 
of its etiological importance, since so little is known of the bacterio- 
logical conditions in the central nervous system under normal con- 
ditions and in  diseases other than poliomyelitis. 
Bfilow-Hansen  and  Harbitz  (I3)  found  the  same  organism  in 
one  case,  their  animal  experiments  proving  the  cocci  to  be  non- 
virulent,  as  were  those  isolated  from  the  cases  of  Harbitz  and 
Scheel  (Io).  Geirsvold  (9)  had produced atrophy, paralysis, ema- 
ciation and death in  white mice by inoculating them with cultures 
of the diplococcus isolated by him. 
Schultze  (I4)  looked upon the diplococci he saw in smears from 
the  cerebro-spinal  fluid  in  two  cases  of  anterior  poliomyelitis  as 
meningococci, although he could not make them grow.  Engel  (I 5) 
obtained a  growth of  Staphylococcus albus  from the clear fluid of 
one case.  Concetti  (I6)  studied ten cases and found that the fluid 
was sterile in  six of them, while meningococci were present in one 
and pneumococci in  two. 
Pasteur, Foulerton and Maccormac (I7)  studied a  case of acute 
poliomyelitis in  a  boy  thirteen  and  a  half  years old.  Almost  the 
entire  motor  system  was  involved.  Four  lumbar  punctures  were 
made.  The  fluid,  clear  at  first,  developed a  grayish  sediment of 
lymphocytes.  In  the first two  fluids  a  Gram  positive  diplococcus 
was found, which appeared occasionally in tetrads and once in short 
chains, but never intracellularly.  The coccus could not be made to 
grow  on  any  culture  medium  incubated  both  a~robically  and  an- 
a~robically.  Intra-cranial  inoculation  in  rabbits  was  followed  in 
.one instance by paralysis on the fiftieth day, and the diplococci were 
found  in  the spinal  fluid  when the  animal  died  on  the fifty-third 
day.  A  second rabbit inoculated from this one developed the same 
late paralysis,  and the cocci were present in  its  spinal  fluid on the 
fiftieth day.  A  third rabbit inoculated with the spinal fluid of the 
second animal remained well.  The authors believe that their case 
is  a  sporadic example of  the disease which  Geirsvold  studied epi- 
demically.  It  is  apparent,  however,  that  there  is  a  complete ab- 
sence  of  uniformity in  the  bacteriological  examinations  of  the 
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Only  one  of  my cases  came  to  autopsy.  It  was  that  of  a  boy 
two and  a  half  years old,  who died  of tuberculous  meningitis  two 
months  after  the  onset  of  his  poliomyelitis.  At  the  post-mortem 
examination  an  area  of  softening  was  found  in  the  lumbar  cord, 
extending  over  three  centimeters  in  length  and  affecting  only  the 
right  anterior  horn.  The  case  was  complicated  with  a  general 
miliary  tuberculosis involving  the  cerebro-spinal  meninges,  pleura, 
lungs,  spleen,  liver,  lymph  nodes  and  intestines.  Microscopic  ex- 
amination  of the lesion  showed it to be in the sub-acute stage with 
fragmentation  and  disappearance  of  the  motor  nerve  cells,  none 
being left intact in the right  anterior horn.  The blood vessels were 
congested  and  there  was  marked  emigration  of  leucocytes  from 
them.  The  gila  cells  had  proliferated.  In  the  membranes  were 
small collections of mononuclear cells, apparently  early tubercles in 
which a  few epithelioid cells were also apparent.  The lesion in the 
anterior  horn  was limited there,  and did not extend to the posterior 
horn  nor across the  median  line.  Beyond an  irregular  emigration 
of  leucocytes  just  outside  the  lesion  the  white  matter  was  not 
involved. 
The  remainder  of the  cord was ground  up,  dried  and  extracted, 
as  were  all  the  organs,  the  sciatic  nerves  and  the  muscles  of  the 
leg,  2 according to the method of Marie and Levaditi  (18). 
Blood was obtained  from the median  basilic vein in  seven cases, 
five  to  ten  cubic  centimeters  being  drawn  off.  Two  normal  chil- 
dren were bled as controls. 
Cultures  made  from the blood in two acute and  early cases were 
negative, and  smears  from the blood showed no evidence of abnor- 
mal  cellular elements nor of any parasites. 
Complement binding experiments  were made with cerebro-spinal 
fluids  from  seven  cases,  drawn  on  the  second,  fourth,  sixth  and 
tenth  days and  in the third,  sixth  and  eighth  weeks, the fluids hav- 
ing been  inactivated  and  proven  not  to be  anti-h~emolytic  in  dilu- 
tions  of  0.2  cubic centimeter. 
The  fluid  from  the  most  recent  case  (second  day)  was  tested 
against  the  blood  serum  of  cases  suffering  from  the  disease  for 
2  These muscles were used because Dr. Meltzer had  suggested  that the para- 
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five days, three  weeks and  eight  weeks respectively.  Dilutions  of 
o.2  to  o.oo  5  cubic  centimeter  were  employed  (Table  I).  There 
TABLE  I. 
Immune Sermn. 
.r.  5tl~ day case o. I 
0.@ 5 
O.OI 
0.005 
0.001 
2.  3  weeks  o. I 
o.o5 
0.0I 
3.  8  weeks  O. I 
0.@  5 
O.OI 
G.  P.  Com- 
plemem. 
o.05 
Antigen. 
z.  6".  @.  ill.  zd day 0.2 
¢c 
cl 
C.  St,.  ~l.  ~d day o.~ 
C.  Sp.  ill.  ad day o.~ 
Hen's Cor- 
puscles. 
@.0 5 
~c 
cg 
~c 
Anti-Hen  [ 
Serum~ __ 
o.~5  I 
~c 
cl 
ic 
Result. 
++ 
++ 
4-4- 
+4- 
+4- 
4-4- 
4-+ 
4-+ 
+4- 
+4-  ÷+ 
was  complete  h~emolysis  in  all,  no  binding  of  complement  being 
apparent.  Results with  the blood  serum  of normal  children  were 
identical. 
This  early cerebro-spinal  fluid  (second day after  the onset)  was 
also tested with fluid from a  late case  (eighth  week), but again  no 
inhibition  of h~emolysis  occurred. 
In  four  cases  the  serum  was  tested  against  the  cerebro-spinaI 
fluid from the same case, as well as against that  from cases in more 
recent and  more advanced  stages of the  disease.  The results were 
uniformly  negative,  no  binding  of  complement  taking  place 
(Table II). 
TABLE  II. 
Immune  Serum. 
z.  zot~ day case o. ! 
0.0 5 
0.0"~ 
O.OI 
0.005 
O.OOI 
z.  xoth day case o. I 
0.0 5 
0.0I 
0.00~ 
7.  zottt day case o. x 
0.0 5 
O, OI 
O. 00~ 
G, P. Corn-  ] 
plement. 
0.0 5 
c~ 
Antigen. 
z.  C. S~. FL same case o. 2 
lc 
2.  C.  Sp.  .FL 2d week o. 2 
3"  C.  Sp.  F1. 3 d  week 0.2 
~6 
CC 
Hen's 
Corpuscles. 
c~ 
c~ 
ic 
~c 
~c 
Anti  Hen 
Serum. 
0.005 
~c 
~c 
cc 
c~ 
cc 
Result. 
m  __ 
++ 
+4- 
+4- 
+4- 
+4, 
4,+ 
+4- 
4-+ 
4-+ 
4-4-  +-~ 
4-4- 
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Extracts made from the medulla, spinal cord, sciatic nerves, liver 
and  tibial  muscles were tried with the serum from cases of polio- 
myelitis in the eighth week, third week, and on the tenth day after 
the onset,  as  well as with serum from a  normal child of the same 
age.  Complete hmmolysis was the result  in every instance  (Table 
III).  In  combination  with  the  spinal  fluid  from  a  case  in  the 
TABLE  III. 
Auti-Serum. 
r.  6tt~ week  o. I 
0.05 
o.OI 
.2.  3d  7.,peek  o. I 
0.0  5 
O.OI 
3"  IOtlt clay  o. 
0.05 
O.0I 
4.  ~ormal  case o. I 
0.0  5 
O.OI 
G. P. Corn-  Antigen. 
pltmer t. 
o.o5  Cord Extract  o.? 
"  2  Sp.  CordExtract  0.2 
sp. Cord  Extr~ct 0.,,2 
Sp.  Cord Extract  o.,2, 
Hen's  (:or- I  Anti.Hen  I 
pus cles__  Serum__  __ 
0.05  I  0"005  1 
?,  I  ::  I 
Result. 
4-+ 
4.÷ 
+4- 
4-I-4. 
4.-I- 
+4- 
4-+ 
÷4, 
4-+ 
4-+ 
+4- 
+4- 
eighth  week, the  results were the same.  Varying the  amount of 
antigen from 0.2  to o.ooI  cubic centimeter made no change in the 
resulting  hmmolysis.  Tests  with  extracts  from  the  organs  of  a 
normal foetus, similarly prepared, gave identical results. 
TABLE  IV. 
Anti-Serum.  G.P.  Comple-  Antigen.  Hen's Corpuscles.  Anti-Hen  Result. 
ment.  Serum. 
0 
0.2 
0. I 
0 
0 
0 
0.2 
0 
0 
0.0  5 
O 
O,O  5 
O 
0.0  5 
O 
O 
0.0  5 
O 
0.2 
0,2 
0 
0 
0 
0. 4 
0 
0 
0 
o.o  5 
c~ 
c~ 
c~ 
c( 
0.0o  5 
0.oo  5 
0.005 
0,005 
0.005 
0 
0 
0 
0 
++ 
÷+ 
+4- 
All  the  controls  listed  in  Table  IV  were made  for  every  series 
of  tests. 
It  is  to be  regretted  that  no  autopsy  was  obtainable in  an  early 
and uncomplicated  case. lV[artha  Wollstein.  483 
The  results  obtained  show  that  no  two  interacting  substances, 
presumably antigen and antibody,  capable of uniting  and  anchoring 
complement  were  demonstrable  in  the  blood  serum,  cerebro-spinal 
fluids  and  organ  extracts  studied.  Therefore  the  diagnosis  of 
poliomyelitis by  means  of  a  serum  reaction  is  apparently  not  pos- 
sible,  and  no  light  could  be thrown  on  the  etiology  of  the  disease 
by this reaction. 
BIBLIOGRAPHY. 
I. Border  and Gengou, dnnale$ de l'Inst. Pasteur,  I901, xv, 289. 
2.  Wassermann and Bruck,  Deut. reed.  Woch., 19o5, xxxii, 449. 
3.  Moreschi,  Berl.  klin.  Woch.,  19o6, xliii,  I243. 
4.  Mfiller and Oppenheim,  Wien. klin.  Woch., I9O6, xix, 894. 
5- Wassermann and  Plaut,  Deut.  reed.  Woch.,  I9o5, xxxii,  1769. 
6.  Meier, Deut. reed.  Woch.,  19o7, xxxiii,  1558. 
7.  Laudsteiner,  Mfiller and  P6tz],  Wien. klin.  Woch., I9o7, xx,  1565. 
8.  Porges and Meier, quoted by Wassermann, Berl. klin.  Woch., I9o7, xliv, I6oi. 
9.  Geirsvold,  quoted  by Harbitz and  Scheel, vide infra. 
IO. Harbitz  and  Scheel,  Path.-Anat.  Untersuchungen  fiber  akute  Poliom.  und 
verwandte  Krankheiten,  Christiania,  I9o7. 
n.  Jaeger, Zeits. f. Hygiene, 1895, xix, 351. 
12.  Heubner, lahrb,  fiir KinderhIk.,  19o2, lvi, 359; 1896, xliii,  I. 
13.  Bfilow-Hansen and Harbitz, Ziegler's Beitriige,  1899, xxv, 517. 
14.  Schultze,  Miinch.  reed.  g/och.,  1898, xlv,  1197; Ziegler's Beitriige,  19o5, 7th 
supplement, p. 551. 
15.  Engel,  Prag. ~ned. ICoch.,  19oo, xxv, 135. 
16.  Concetti,  Rev. Mens. des Mal. de l'Enfance,  19oo, xviii,  550. 
I7.  Pasteur,  Foulerton  and  Maecormac,  Lancet,  19o8, i,  484. 
18.  Marie and Levaditi,  Annales de l'Inst. Pasteur, 19o7, xxi, 138. 